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IM{ii\'!-SluNA|. .> I'Ki.'l 1" I. (."ATI ( >X 
Kemovai oi Oxygen ?roni Oieranes 



iw.Mi i F.i.. uf i in i Jt rial Che.mioai Hmi-v 
-Millhnni:, London. S.W.I, n British Com- 
pany, do hereby declare the nature of 
0 i\)i< invenion (which has been communi- 
oaied to o. by Jj. 1 . J) u |.*.»iit de Nemours 
and I.V.. corporation organised and 

exisiinu under ih.. Iuavs of Tin* Suaie of 
jMii'.v;»iv. i"nited Sinus of America, oi: 
iU ^ tlmin^ion, Delaware. Timed Starts, of 
A merb-a . ,? to he as follows: — 

Tin's invmdion relates to a method for 
rt'iuoyiii^' oxygen from ^isonus nioiines. 
■ •.-penally ethylene, confninino* -mull pro- 
if) portions of oxygen ireiiernlly less than 
1 hy volume. 

in various chemical j ; roi;(\<>^s involving 
rln- lis*- "{ o-MvreinL^ idemies ih has Ikm-u 
found nee"<-ary i«» rcin.ive pariinllv or 
20 j^oniplefely I lie oxyiren content of ihe^as. 
For in-tancp. iii i tie polymerisation of 
<4ciiio>s such as efhyleiie even les< than 
<U.% oxygen ha- a marked effect upon 
ihe* polynierisniion reaction. Tin- object 
£5 ll > i'-his invention is (o provide a now and 
improved met lord fur "the partia l or oom- 
p!~it; removal oi' nxy.'-vii from nletin.es eo<i- 
t:>iiii»»- ii, especially from ethylene. 
It is lnniwn thai mixtures com aini mv 
30 substantial proportion^ of ethylene and 
oxyp/en ran he rea.«-i;-d at i em pera Mires uf 
j.)0° — -10U" C. and pleasures of ! — ol! 
a i mospheres, and tiiar i\ii< re.'tfi ion ,*;ia 
he carried oaf. in iiie presence oi cata- 
35 lysis. Such work doe< not show whether 
oxy.aen «-:m lie removed from ethylene 
t-onta iniuo- only small proportion- of if. 
It is al.-.o krmwn thai oxygen rai! he re- 
moved from hydrous n at. ;itiiio<pherir or 
40 >liirhfly elevated ' pre-<ure by vapour 
pha.se reaction over many types of eata- 
lyd: this reaction involves i j i <onic w;»v 
Ihe pro.] action of water vapour. When 
one tries, to remove oxygen from oletines 
45 in i he same manner f lie rahdyst hemmed 
oxidised and thereafter Hie reaction slovs 
down or stop* altogether, and the oata- 
ly-t requires periodic reduction hv 
hydrogen. This can he avoided !o some 
50 extent hy ihe presence of considerable 
quantities of h yd ro.ee n in the oleune ua>. 
but" sueh quantities of hyilro«yen are not. 
always desirablo. W«- have now bono! 
fp.tice.] / .] 
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i - riodio jedtu-ion ,. : f ibocaialvsi bv 
l.yoroM < . u is no Ukissm- m.M-ossarv if il.e 
removal of oxygen from the oh-tin.* i^ 
can ted out at a hiyh pressure. 

Ai-ronliiio' to- the preseui invention w « 
provole a ppavss for the ]»ai;iia3 or 
jd* ;.. rerm.v:,.! «,i oxv-cn from o:;v-en- 60 
rru\ aintn- oase.Mi.. oietines ^ariicuh.rlv 
eiuyleno ; whmh romprises pa<sin- (he 
saol -a< at- an elevaied pn^ssure rhroii-h 
i-no or more vesseU containing i-iihiiys'ls 
of 'he type which are suitable for "the 
caialytjc removal oi oxygen From hvdro- 
livn \\ e p-refor to employ two or "more 
oatalyst vessels with one or more inter- 
vening traps which may contain a. 
'■iiemicu! or j.diysieal absorbent. 

VN hen Uvo or more catalvst vrsseis are 
used with traps between. the f.ra.r^ 
remove one or more products of i] le re- 
action which has oi.-eurred in the preeed- 
ing- catalyst vessel. Sueii products if no! 
removed apparently have ; , deleieri.ow 
eireci on {he reaction in the suooeedim- . 
analyst vessel. If <lesirerK :he rrajPs 
ail ay contain various c-he-mioal or phv^ica! 
absoi-bents such as caustic soda or caustic 80 
]>mash ; alumina, -el. silica, -el active 
ehaiToa] ami the like, preferaldv alumina 
iXO 1 . 

The efliciency of :>xvu*eu 
depends im-t-cr a) in. on the 'pre.- 
ph-yed and n-n ib^ onialvsf. 
Amotmsf catalysis which are suitable for 
lie^caralyiic remo'val of oxvgpu from 
hytiro^en we prefer to empiov'iu rhe r.re- 
se nt process metnl?, metal oxides, reduced 90 
me tat oxides or mixtures thereof which 
are known to he opera five for the rata- 
i-atnlyiir. removal of oxvn-eo from hv-lro- 
^•en at tern pera I ures of :"'0° — :-J00 : C/ J n 
particular we i^'toy fo use the metal< am 
oxmes of fopj.fr. nickel, silver. - 0 h| 
Jdatimim and iialladinm. Tlie pre-ure 
required is detennined largrelv hv the 
rnUtlysu Mie fem]ierniure. iimY the eoni- 
position of the (define -ns : cooper and 
iaekt-1 catalysts require hi-her V»re-U]-es 
^eneraliv than platinum and pa'lladium. 

\Ve. itreier fo emjdoy tn*essures of .100 " 

£001) atmospheres, and teni oeranire< of 
.,0 C. but hiphcr or" lower pre,- 

sure< and iimi]»ern lures may he used.' At 
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a f Jrv*s^»t r*r ni" u l>* ^ J : ^- J Mil ;t i mospheres a 
i em porn i lire of ' 0. is nece^sa ry for 
sn fis.i actory rii i 1-5 react ion , ;iml ni a 
pressure or l<»i}u ; ! 1 1 1 m • | > I n* i • "» f i.- 1: i pera- 
5 tares :>elo\v .1 HU ( '. should ii'ert*-r:i i ly b.* 
U-ed hecaiO-e iiijjilfj- i ] n m Vi\ I Ui*"S I'jiU.^' 
Ulldcsirn hie react ions and j mi! \'Hti-n i inii< 
V.'Il it'll interfere with l 111. 1 jM7HT\<. i •/ 

earryinir i*uf. the process at a h:i;li pres- 
10 sure surli as lrt(in atmosphere- and a 
moderate temperature, such as "M r — j fi< ) 
('., the rate of reaction is hisrh and lie- 
activity in the catalyst is til ;)i nc^j i'or 
l»»n»- periods. 
15 The invention is illustrated hut not re- 
stricted Ivy i he following- examples, in 
which ihe j::ir:> j:er million are measured 
}>y volume'. By the term space vejnoily 
is meant tin* volume of gn< ihoi-'Uhm! el 
'JO 'JO C and 1 atmosphere pressure per 
hour per volume « »-r' converter fur catalyst 
tn he) space. 

fc:\MPr.K L. 
A st.oa m- jacketed pro-sure-iest'sinni 



copper-lined e-walyM iuhv -i* J I Ml J5 
■ •apaeiiy ;» u* I iiited with a i her mn-«uuple 
and nmh pres-* A re cu niiei 1 ' ! i »a<. filled 
v.: tii ^ra uular redm-rd eopp* * oxide. The 
t-,\i lyM- '.«.;i> ma i fi I a i m-i I ai !JU ('.. and 
ol:iv|i-»n- containing 1-S'* | i i - K-r million o<l 
t # i nxygvn wa.- | — »»€ I in at a pie— am- ol 
i'liOU .i ? n ms.pl o re-, ami a >nnco velocity «>{ 
J'JUH. The i <suiiiu" ethylene contained ■"»',' 
!';-rh per million oi oxy^rti and tin- in'a- 
lys». * 1 i * I m.jt. rcijuire pcriodii i ■* -r i »•! i vo t hm 3-3 
by reduction with hydro<rou. 

Kx.oiPLfc J. 

Ktbyiene < ** u » mining Whim pari- pel 
million * > t oxyip-r. wa< j»u*sed at a pp—- 
Miiv mi' f(Jf'M) a imH-piierr- aial :\ l«-m|n-ra- \() 
ture <>i ( tivi-r i-atalytii ;. lly ai-tiv*- 

L'ahfV iiifkt'l. The i-'-uiiiir *£it< cmi i :> i .»m , iI 
iHiiy -.M»" |.»aii.- million <•?' pxy-cn, aio! 
ihe eaiaiy-i < I i < i not require periinlii* i<- 
artivaiiou hv tv*lur1i(>u v-iiit h v<lj-o«ffii . 4:1 

J):ih'fi tin-" L'iuI da-v of April.' 

K. A. IUMtK\. 
Solieifur for th(- Applies nt^. 



COMPLETE SPECIF [CATION 
Removal of Oxygen from Olefines 



We. Lmpkkial (..'hblicak Inoustrif.s 
J-1MITED. of • Imperial Chemical House. 
Millhanic. London . S.W.J, a .Bj-iiish Com- 
jinny, do hereby declare the. nature 01' 
50 this invention (which has been connmuii- 

eated u> us hv J. Du Pour «le Xemou»< 
ami Co.. a e«.»rpt»ia tion o-r^ini^eii ami 
exist iug* under \iw Jaws t > i" the State n>' 
Up la v.* a re. United State-; <»(' America, <^r 

55 Wilmington. Delaware. T'nifiMl Staie> oi' 
Amerira». and in what manner flu 1 <ame 
is io he jierfonned. r * » be paitieularly 
desrribeil and nsi-ert ained in and hv tli:* 
i n\ h'u inu- sfatement : — 

GO This invention relate> in a uiclhnd ior 
ri»niovin»- oxy*»*ei! from .ua^efvus nlphne-. 
esperially ethylene, i*onta iiiin t ir small pro- 
[M»rlioiis t > r oxygen generally h**-- than 
1 °.V l\v vohimo. 

65 In various, chemical proce«es invidvin.u" 
tlie \\>t' of g-aseous oleHne< it has been 
i« mud Jiece?sary remove partially or 

completely the oxygen eon tout of the 
<ras. For instaiu'e. in the polyrneiisa- 

70 iiou i»f «>lefine< such as cthvlene evon 
U.00"»_ 0.1% nf oxygen ln\< 'a ma.rked 
effect ujion the jinlynierisaiion reaction. 
The object- or this invention is to provide 
a new and imjiroved method for the ]i;ir- 

75 lial nr complete removal of oxygen from 
• ra spoiis olefines contain in ir it, e^peiMally 
from ethylene. 

It i> known that mixtures containing 
ai lca<i several percent, of" each oi" 



ethylene and oxygen can he rea» tfd at. y<« 
temperatures oi' lotC — 4UU C. ;in»l pi'-s- 
sure< «»i J — .30 atmospheres, ami thai thi- 
reaction eon h. 1 carried imt in the pre- 
sence or catnly-ts. Such woj-k does nor 
show whether oxyyeii can h t - n'timved J<5 
trmn mixture-* containing: substantial 
]>ropoi'tions «o" ethylene :unl «>nlv -niall . 
1'U'operr ions of nxygen. II is know n 

tliaf. oxyii'en can h< j removed from Jiyilr«»- 
.utoi a« atmospheric- or slightly elevated 9n 
pressure by vapour pha-c reaction ovci 
many tyjies ot_ caia.lyst ; thi- reaction ia- 
vnivi- ,: n st on 1- way tin* production oi 
water vapour. When one tries to remove 
oxygen from nletine- in the same manner 95 
the catalyst becomes oxidised and there- 
fitter the reaction <lnws down or- stop- 
all oael h or. and the catalyst riMpiiro^ 
periodic reduction hy hydrogen. Thi> 
can he avoided to some extent by the pre- 1*30 
sence ot considerable tptantiiie< oi hyih«»- 
geu in the oleiine ^a^. but <uch njuanti- 
ties fij hydrogen arc not always de-ii-able. 
AVe hove no v." ton ml tlmt periodic reduc- 
tion oi" the caialysl h.v hydrogen i> no l()a 
longer necessary, or al lea si only nece<- 
>ary at les* rreijutnt intervals, if the 
removal of oxygen from iIlo olefine is:\^ i- 
carried out at a hi«>h pressure. 

According to the present invention, wr II" 
provide a proee— foi- the partial or com- 
plete removal of oxygen from i»a>eous 
mixiures cm^islius' <ub-iant iall v of 
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'in v i ure 
- than 

urnr*. o: 
"\ule.< tiuTt-iif: 
M. i >J ;m i.i uiti 
Id r-li 1 1 »1 !_■ v- r \% * 
h one or iJi».M 



hi. 'I 



[•ropm ; inn ( >f (}\ y^; 

— in- ili i' stud 
jre.^ur,- tim. 
iin-MUit-ii ..nt- vr n. 
■ tysi hip- u;- 

MieiaN nv 
mIv.t-. m 

V\ L l | l IV 

^'v-eb vvi 

v.hi. l. may eoniain ;» rhen, icn I orpW^icai 
;m<crl>en- in accordance wiMi the pmc,e« 
tit Bniivh Specific;, Moj. No 



•»mi :t -mull 

t l.'Oll* prises 
lilt elrVutt'd 

>'• cnutil i mil -- ;i< 

■ iic ioJluwiiii*' 
: «'»l)JH'r. iiit-kt'i, 
palladium'. 

or lUOie C-;i.t;i lyrsl; 

nterve ni n«- h ; ».p s 



"xyn/on removal 
' "ii ilu! pressing oun- 
ratai : yst si-lecihiil. AV* 



claimed 

15 The rriieieiiey 
•impends i/iJrr alt 
{'i"Vc'(i and <>u fji, 

|K-ru : r n> usr flie reduced "oxides of .>..,mcr 
to- 1,,.,-tmse ,d ihmr relauvelv low 

iU I h,. y are hignly active when iu 

die ,..rm ui reduced S Tamilar fused oxide 
J be pressure required is determined 
J-i.ply by ike c;u,dy,r. Mie. (einperaiure 
unci rne composition „f the (define 

So ri«lMK«r and nickel catalysis require In "her 
Pressures generally Ui:>ti platinum "md 
]Mlladiuju. Ahiiiiiigh these metals in the 
;,rr \ Vr snu ' e i .? uch n * T-iie reduced metal 
"xnh- are, eireeiave at. quite low pre^ure* 

oxygen, they normally require periodic 
resummon hy reduction with livd re-en 
under snob conditions. By raising. th e 
insure tins periodic ' reaction 
,,lr,mit ' s uunece>;., : ,ry „ r at ], nst l>nl 1 
iio.-essary at. less frequent intervals \Ve 
i.ueter u) employ pressures of r,0_-»0()n 
arim^pj^res, and temperature of 30°— 
J but pressures as low as 20 atmn- 
40 >P hei-es and i em pern Mires as | n *Hi -is 
' | (i rl r -l. At a pressure id 
I (ar n - ^"P^'ture ,.£ 

}> (.;. -ires satisfaeto-n- reaction 

*iUi copper mid nickel catalysts, ami at 
pressure of .1000 atmospheres tempera- 
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riires. no, exceeding l()(r (J. shuuld -ener- 
gy In- usod hecnuso higher temperatures 
":iuse undesirable reactions and pedv- 

m» Ivfth 5 ri l ° n ° f UlC n,efines whioL interfere 
b0 Mth rhe present process. A comhina- 
non <u lu»h temperafure, such as 200° 0 
with hi«.J, pressure such as 1000 atmo- 
spheres should -enerally be avoided 
heeausc the .atalyst may become fouled 
5o with a polymeric product durinn. n f t « v 
iKMirs working By carryini»- out Hie pro- 
cess at a hi^li pressure such as .100—1000 
iiimospheres and n moderate temperature 
surh as w in o o r.,t.he rate of reaction 
is lugrh and the activity of the ca-talvst is 
mamtamod for Ion"' periods. A suitable 
rate of reaction is a. space velocity of 
oOO_?0,000 ns this rate provides efficient 
operation and a high out-put. 

When two or morp catalyst vessels are 
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used wiiix i.n.ps kuwee.u ; , in -raps 
re.rn.ovc oae vr mere materials "vueraliv 
colourless liquids., whirl, are oroduci > uf 
a- rearii uu vvJuch has uccurred in (.he pie- 
i:t=ainir ■/at.aJyst. vessel. Smdi products if 70 

iviuoved apparently h : . Ve a- deleier- 
ioas efieci. on the reaction in the mcreed- 
juif i-.lal.vsi ve.sei. If desired, tin- i rap< 
-uiay omtain various chemical or ph\^i t -,J 
ahsoroenrs such as caust.i^ soda or rau^m 75 
polish alumina o-el ; silica o^j. iM ,tive 
ohareoa and the lii;e ; preierahlv alumina 
yyt- the (raps are gvmrrally maintained 
at a lover LeiiLperai-ure than the i-jnpera- 
Mnv ,:f fh,.. catalysts., especially when ihc 80 
crap, do not contain any chemic,d or 
physical airsorbeut. 

. \W> helieve that i he catalyst causes an 
incomplete, equilibrium reaction to occur 
and when we have two catulvst vessel 85 
separated by a trap further reaction 
occurs in the second catalyst chamber 
i ue -n the removal m the trap of a pvo . 
«luc|. uhu-h is condensible or. a tenipe-a 
lure belov.- that of the catalyst, or whirl, 90 
is absorbed by ;U l absorbent. ' This U 
borne out by the fact that varvin- 
amounts oi moisture or other a-bsorhed 
material or Doth have been distilled from 

lie ahsorbeiit in the traps after extended 95 
use. the amount of oxygen removed in 
pas«a«-. -_tiirnu-h ea.ch tube is -enrrallv 



about GO- — 7-3 



of 



tne total oxv^en con- 

— I . rni *' ' 



.tnt- ej.tenng- tbar- tube. The mnnber of 
catalyst. ,ubes ; with alternate traps. i„ „ 100 
griven oxygren-romovul operation ,lepeiifU 
tJieretore, upon f.l.e amoimt of oxv-eji 
l»eseiit ui 1U« - gas iu- be purified, aiufo.i 
tiie aiiUHinf; wlncb is permissible in Hie 
issuing- g-a.s. _ n . 

Tlie'inveutiou is apj>H,,aUe to -aseou- ° 
nnxrure.s ctKitaining- big-i proportions of 
ethyleno suelt ns 80 to vivtau.llv 100% 
und a small proporlion of oxygen such a < 
l>e,Ayee:, 1% and a iVw pa-rls per million. 110 
It may be usetl to ju-epare ethylene oon- 
i«uunjr evon 06. hitle «s .1 part per million 
or oxygen. 

The invention is illustrated but not 
restricted by the following examples, fn 115 
jvlucb the p«,d s per nnllion are measured 
by Tolume By the term space velocity 
is meant, the volume of yas measured a't 
--'.» t-. and I atmospliere. pressure per 
icwir vov volume of converter tor catalUf ion 
tithe) siiaee. • ' J '~ u 

Ex.OIFLK 1. 

A steam-iacketed pressure-resistant 
co j, per dined catalyst lube of 400 or 

an I lno-h pressure connections, was filled 
wiHi praiiulnr rednced copper oxide. The 
<-a.taly.-f, maintained at !)0° O and 

ethylene containing. ISO parrs per million 
ol oxy„ ( .„ was passed in at a pressor,- of 130 
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iU(il) a f mosphere^ :!!ni a space velocity ; >i 
I COO. TIio issuing* «.'*hylenc ■ ■onia ineo! o'2 
parts per million of ..xv-fi-n ami the cata- 
lyst (liil not T».'i|uilV periodic r#-»;i :-f i v:* I ic»il 

l>y reduction with hyi!ro»vn. 

Ex.am.vu-: J. 
Kf liyl.-iit- colli a ini ji lt J 0* III parts p»-r 
111 li J If •!! Of axygfU W;»< p.xSf'd ;H a pres- 
sure of 10(10 atmo>pheres ;nit] a ieniju'iii- 
ruro «ir y(.) c (\ over oatalyi maily active 
Rnney nickel. Tin- i-.<uin»- ^'as con- 
tained only 400 p;.ri> p er million of 
oxyg'en. and the catalyst did not require 
periodic reactivation hy reduction with 
15 i \ yd ron-en. 

Having- now oanicularly described and 
•iseertuined the no in re of our .-aid inven- 
tion and in what manner the same is ro 
be performed, we dcelnre Mini wont w<* 
claim, is : — 

1. Process for flu* removal of oxygen 
from, gaseous mixtures consisting suhsian- 
fiajly of olefines especially ethylene and 
o small proportion of oxyg*en. which eom- 
26 prises passing the suid mixture at an 
elevated pressure nor ]e<s than 20 atmo- 
spheres rhrou<rh one or more ve-sels non- 



20 



inimni; a> -alaiv-i i»in* or u o • f t- id the 
foliowni'j- im-iais <>r oxide- fherei>i": 
eopner. ni*-!od, slivi-r. jiohl. platinum and 30 
palladium . 

X!. L'ro'-c^ claimed i?i i iain: I in 
which liit* pn — siu-i. i-v hi'iwi't'ii ~>0 :md 
.000(1 aimosph*, rc-. 

I'ro-e-s claimed ill cither <•? 'Jo 

claims 1 and V in win", h tlm i-n!n!y-t- nr<- 
maim;;hi"-d at ;i fem pmnt uro «d* -U) - — 
1-30 r. 

4. I'j-oeess n> claimed in ;my m the 
preceding- elaim< in which copper «-r 
jiickel oatalysi is employed in the form 
of i » s reduced oxide. 

.Vruee-s. for the removal ui oxygen 
from gaseous mixtures cohm-M inir >uh.-ian- 
tially oi olefines and a small proport i«>n 45 
of oxygen substantially a- hereinbefore 
described with reference i*» each '>! 'In- 
fore ao i 11 Li ex a m p i e> . 

fj. Ethylene whenever purified by the 
process of any of tin- preceding claim*. 60 

Pafed fiie lotli dav of Man-h. |! : M4. 
K. A. BiXGEX, 
Solicitor tor ?he Applicant*. 



r.r.i mined on. Spn : Priiiteil for Hi* Majesty's Stationrry nflicr-. Uy the C'niiner Prc<*. — VMn. 
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